Land degradation is increasingly becoming a major concern for Indian agriculture on which two-third of the population depend for their livelihood. Many policies and programs have been initiated in the last two decades to address this problem but the results are meager. Analysis of causes of land degradation and their extents is very important to design suitable policies to overcome the degradation problem. It is in this context, this paper identifies the major socio-economic variables that explain land degradation. It also finds economic and social costs of land degradation and the net benefits from taking up conservation activities and finally draws some lessons on what are the right policy instruments to promote sustainable land management practices. The Total Economic Value (TEV) concept has been used in deriving the costs and benefits. Our findings from state level analysis suggest that 'input subsidies' and 'decreasing land-man ratio' are two major determining factors that increase land degradation. Rationalizing input subsidies will go a long way in improving the management of land resources. At the household level, the number of crops grown and the operating area are significantly influencing land degradation. The analysis of the costs of action versus inaction against land degradation shows that costs of inaction are higher than the costs of action, indicating the benefits that will accrue if sufficient conservation practices are undertaken. Institutions and incentive mechanisms play important roles in changing the behavior of farmers to act in a resource conservative way.
Introduction
Land degradation poses a considerable challenge to agricultural growth and poverty reduction in India. It is officially estimated that about 44 % of India's land area is degraded. The causes of land degradation are numerous and complex. Proximate factors include the extension of crop cultivation to marginal and low potential lands or to lands vulnerable to natural hazards, 1 improper crop rotations, overuse of agrochemicals, and mismanagement of the irrigation system. Moreover, "shifting cultivation" practiced in many parts of the country is responsible for deforestation and the expansion of agriculture to less productive lands. However, the underlying causes are believed to be poverty among agricultural households, land fragmentation, insecure land tenure, open access nature of some resources, and policy and institutional failures.
To illustrate one of these drivers in more detail, India supports 18 % of the world human population, 15 % of the global livestock population, but endowed with only 2.4 % of world land area. Moreover, the average size of land holdings in agriculture declined from 2.30 to 1.16 ha during 1970-2010 due to increasing population pressure. About 60 % of the land is rainfed and low in productivity, leading to high inter-annual fluctuations in agricultural output. About 200 million rural poor depend on these rainfed areas for their livelihoods.
Intensive farming practices, particularly with wheat and rice, initiated during the Green Revolution in 1970s, have mined nutrients from the soil. Soil degradation is limiting gains in agricultural output and forest production. Land degradation is a big challenge to policy makers who need to balance the multiple goals of poverty eradication, food security and sustainable land management.
The major objective of this study is to scientifically support policy actions in India on sustainable land management, through finding answers to the three research questions below:
(i) What are key causes of land degradation across typical agro-ecological regions of India? (ii) What are the economic, social and environmental costs of land degradation and net benefits resulting from taking actions against degradation compared to inaction? (iii) What are the feasible policy and development strategies that enable and catalyze sustainable land management (SLM) actions?
This Economics of Land Degradation (ELD) research seeks to test two hypotheses. Firstly, we test which factors, such as climate and agricultural practices, population density, poverty, absence of secure land tenure, lack of market access and others, are significant causes of land degradation. Secondly, we also 1 Steep slopes, shallow and sandy soils, fragile arid and semi-arid lands bordering deserts. hypothesize that the benefit of taking action against land degradation through SLM measures is greater than the costs of inaction.
The chapter begins with a brief introduction to Conceptual Framework and followed by Land use, land degradation status, trend and classifications. The following section focuses on land policies and their influences on land degradation. This is followed by the impacts of land degradation where the survey of past studies, the methodology adopted for our own estimates and the estimates of costs of action vs inaction are highlighted. Then we move to the drivers of land degradation which contains state level and household level analysis. Finally we draw inferences from the findings and policy implications.
ELD Conceptual Framework
The conceptual framework used in the India case study of Economics of Land Degradation broadly follows the ELD framework presented in von . The causes of land degradation are divided into proximate and underlying, which interact with each other to result in different levels of land degradation. The level of land degradation determines its outcomes or effects-whether on-site or offsite-on the provision of ecosystem services and the benefits humans derive from those services. Actors can then take action to control the causes of land degradation, its level, or its effects (ibid.).
Many of the services provided by ecosystems are not transacted through the markets, so different agents do not take into account negative or positive effects on those ecosystems. Since the external costs or benefits are not accounted for in the farmer's land use decision, this leads to an undervaluation of land and its provision of ecosystem services (ibid.). The failure to capture these values causes higher rates of land degradation. To adequately account for ecosystem services in decision making, the economic values of those services have to be determined (Nkonya et al. 2011) . Attributing economic values to ecosystem services is challenging, due to measurement problems. As economic values are linked to the number of (human) beneficiaries and the socioeconomic context, these services depend on local or regional conditions (ibid.). As TEEB (2010) indicates, a global framework that identifies a set of key attributes and then monitors these by building on national indicators could help answering this challenge.
It is also crucial to identify and understand institutional arrangements affecting land management, in order to devise sustainable and efficient policies to combat land degradation. For example, if farmers use excessive water or fertilizer, leading to some forms of land degradation, it must be understood why they do so. Missing or very low prices of irrigation water or fertilizer provide incentives to degrade land and soils in a misleading institutional setup.
The Extent and Types of Land Degradation in India
Cultivable lands (175 million ha) make up almost 60 % of the total Indian territory, 80 % of which is under crops (141 million ha), and another 6 % (10 million ha) is under rangelands (Table A .1 in the Annex and Fig. 15.1) . The remaining arable lands are not cultivated. Forests (70 million ha) are the second most important land cover category, making up about a quarter of the total area. The land use dynamics over the last four decades between 1970s and 2010, point at increasing share of croplands at the expense of rangelands and wastelands, rapidly growing urbanization and a slight extension in the forest cover (Table A .1 in the Annex). However, the analysis of more recent MODIS satellite data shows that between 2001 and 2009, the forest cover declined all across India by a total of 2.8 million ha, of which the largest shares are in Kerala, Madhya Pradesh, and Andhra Pradesh (Table 15.1) .
Similarly, the areas under woodlands and barren lands have also decreased by 3.2 million ha each. On the other hand, the biggest land use change was the increase Note "urban" was left out since no change is reported in the considered time period of the cropped areas by 5 million ha between 2001 and 2009, and increase of 2.2 and 2 million ha of shrublands and grasslands, respectively. These overall figures hide significant regional differences. For example, even though the overall cropland area has increased in India, such states as Karnataka, Rajasthan, have lost about 1.5 million ha of croplands each; whereas such other states as Gujarat, Andhra Pradesh have gained about 1.3 million ha of croplands each. Table 15 .1 shows these regional differences in detail.
Geographically, India is divided into six zones: North, South, East, North East, West, Central, and Union territories. The land degradation data (Table 15 .2) show that soil erosion due to water and wind occupy more than 70 % of the total degraded area. The water induced soil erosion is the single largest contributor to land degradation, i.e. about two-third of the total, followed by salinity, about 15 %, which is a common problem in the irrigated lands in the country. Region-wise statistics show that central region is the worst affected of all (59 % of its total area), followed by North-Eastern and Southern regions.
Land degradation statistics vary depending on the source and estimation method. One estimate is based on universal soil loss function, as applied in the NBSS and the other, on National Remote Sensing Agency (NRSA). NRSA bases its estimates on remotely sensed satellite data. NRSA estimates are lower than the former estimates by NBSS&LUP-ICAR-2005 and are expected to be more accurate and to give more detailed information. Table 15 .3 provides trends on land degradation using the former method. The NRSA estimates are given in Table 15 .4. The trend shows that land degradation declined after 1996. There is a need to evaluate the reasons behind this decline. One potential cause could be the increased public investments to address degradation after 1996. The most important type of land degradation in India is soil erosion (both by wind and water) (on 119 million ha), followed by shifting cultivation, waterlogging and salinity.
According to the NRSA estimates only about 20 % of the territory in India, i.e. 65 million ha of land are considered as wastelands. However, it should be noted that these two estimates do not necessarily contradict each other as they measure different things.
More recent estimates by Le et al. (2014) , using remotely sensed NDVI data, show that about 16 % of the Indian territory, i.e. about 47 million ha, showed declining NDVI trends between 1982 and 2006 ( Fig. 15 .2), of which 29 million ha in croplands and 12 million ha in forested areas.
The levels of soil erosion are classified by the degree of severity in Table 15 .5. It shows that moderate erosion of 5-10 tons per ha (per year) is the largest category affecting 43 % of the total area affected by soil erosion. About 1.4 billion tons of soils are lost annually due to moderate erosion, and 1.6 billion tons due to high erosion. The total annual soil losses are estimated at about 5 billion tons.
While water erosion prevails across the country, wind erosion is dominant in the western part of the country, particularly in the state of Rajasthan. Singh et al. (1990) estimated that the annual erosion rate varies from below 5 tons/ha for dense forests, snow-clad cold deserts, and arid regions of western Rajasthan to above 80 tons/ha (Sehgal and Abrol 1994) reveal that about 3.7 million ha suffer from nutrient loss and/or depletion of organic matter. Nutrient depletion is fairly widespread in the cultivated areas of the subtropical region. Estimates of loss of nutrients, using the annual soil specific erosion rates provided by the Central Soil and Water Conservation Research and Training Institute, ICAR, show that nearly 74 million tons of major nutrients is lost due to erosion annually in India. On an average, every Singh et al. (1990) year, the country loses 0.8 million tons of nitrogen, 1.8 million tons of phosphorus, and 26.3 million tons of potassium (State of the Environment 2001). The offsite effect of erosion is the siltation in the reservoirs. Many reservoirs have suffered from reduced storage capacity due to increasing erosion and deposition. Siltation of major river courses due to excessive silt deposits is observed widely in Bihar and Uttar Pradesh since many rivers in these regions are flood-prone. The total area affected due to this problem is about 2.73 million ha (Das 1977; Mukherjee et al. 1985) . The rivers Ganga and Brahmaputra carry the maximum sediment load annually, about 586 and 470 million tons, respectively. Between 6000 and 12,000 million tons of fertile soil are eroded annually and much of it is deposited in the reservoirs leading to a reduction in their storage capacity by 1-2 % (State of the Environment 2001).
Salt-affected soils are widespread in the different agro climatic zones of the Indo-Gangetic Plain. Areas with a mean annual rainfall of more than 600 mm are mostly of alkali soils, while saline soils are dominant in the arid, semiarid, and coastal regions (State of the Environment 2001). About 7 million ha is salt-affected, of which 2.5 million ha represents the alkali soils in the Indo-Gangetic Plain. Nearly 50 % of the canal-irrigated area is affected by salinization and/or alkalisation due to inadequate drainage, inefficient water management and distorted subsidized energy pricing ( 
Evolution of Land Policies
The land policy is one major factor in the societal efforts to conserve land resources. Looking back, the pre-independence period was characterized by Zamindari and Ryotwari systems where the main motive was collecting land revenue or tax from the users of the land. In this system many non-cultivating intermediaries emerged and the government did not make any effort to abolish the intermediaries. Hence at the time of independence, the major challenge was to reform the agrarian structure and this brought about land reforms in the country. Various programs and policies that have bearing on land resources is given in Annex Table A. 
2.
In the subsequent Five Year Plans, land Policy was one of the major components. It broadly consists of (1) abolition of intermediaries, tenancy Reform and Redistribution of land (1950-72), (2) Bringing uncultivated land under cultivation (1972-85), (3) Water and Soil Conservation efforts , and (4) Improve land revenue administration and land entitlement (1995 till date) (Deshpande 2003) . The issues in various plan period and policy focus is given in the Annex Table A.3. Secured land rights gives the cultivator incentives to use the land in such a way that the long term interest is protected. However the tenancy laws did not meet with success in India as it helped tenants acquire ownership right of only a very small percentage of the cultivated area. There were many forms of concealed tenancy which were difficult to break. If we go through the statistics provided by National Sample Survey, there was a very sharp reduction in tenancy over time. One factor responsible for reduction in tenancy was that many land owners evicted their tenants in response to the tenancy legislation (Deshpande 2003) . Even though reduction in tenancy is likely to help reduce land degradation, there is no sufficient information available to conclude if the land vacated by tenants is put to productive use by the land owner or left as fallow land.
In recent land policies, attention was drawn to loss of micronutrient due to irrational and imbalanced use of fertiliser. Rationalising fertiliser subsidies is being considered as one of the objectives in the current policies (Annex Table A .3).
The Impact of Land Degradation

A Survey of Past Studies
In the literature on the costs of land degradation in India, soil loss has been valued using productivity approach, preventive cost approach, and replacement cost approach. The productivity approach basically attempts to value through impacts, viz. through productivity loss. Preventive measures are practices such as conservation agriculture. The replacement cost is cost of restoration of soil to its original state (Mythili 2003) .
Econometric techniques have been utilized in a few studies (e.g. Parikh 1989; Parikh and Ghosh 1991) to estimate soil loss by having the yield function as separable in input response function and soil quality multiplier function. Given a measurable soil quality multiplier, potential yield value foregone as a result of decline in soil quality for a given input bundle can be determined. 2 Few studies estimate benefits from soil conservation through watershed development program in terms of productivity gains (e.g. Ninan 2002) . This method is known as preventive method. However loss of productivity is widely used in the Indian context to measure the impact (Mythili 2003) .
Most of the studies which attempted valuation of degradation failed to recognize the regional level diversities. According to soil types, black and red soils are more vulnerable to land degradation (Sehgal and Abrol 1994) . Loss estimates of some major studies are presented in Table 15 .6. Table 15 .7 presents state wise estimates of losses due to different types of land degradation based on soil loss, extracted from the study by Vasisht et al. (2003) . About 8 states reported more than 20 % loss in the production due to degradation. 2 The farmers' adaptation mechanism for alteration in the soil quality can also be dealt within the model. 
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All types Production loss of 12 % of total value of production
Statewise estimates also computed
Source For some studies: Reddy (2003) and TERI (1998) . Others were extracted from the respective studies
Methodology of Deriving Costs of Land Degradation
In the present study, the economic impacts of land degradation are calculated using the Total Economic Value (TEV) Framework (MEA 2005) . TEV approach captures the total costs of land degradation more comprehensively . We use the data from TEEB database, based on more than 300 case studies around the world, and use value transfer approach to cover the areas for which the data is lacking . The values of the ecosystem services thus obtained were used in calculating the Total Economic Value of the economic impacts of land degradation. 
Cost of Inaction Versus Cost of Action
The calculation of costs of inaction and the costs of action against land degradation follows the methodology described in detail in Chap. 6 of this volume. The methodology to assess the cost of inaction is based on the fact that land degradation mainly occurs in two forms . Costs of inaction arise if land use changes from more economically and environmentally productive (considering its ecosystem functions) land uses to those with less productivity. The cost of action against degradation due to land use and land cover change are incurred by re-establishing the high value biome and the opportunity cost, since the benefits given by the biome that is being replaced have to be taken account of.
Estimates of Cost
Our estimates using the TEV approach presented in the methodology section are given in Table 15 .8. The total annual costs of land degradation by land use and cover change in 2009 as compared to 2001 in India are estimated to be about 5.35 billion USD.
The biggest share of these costs are occurring in Kerala, Rajasthan, Andhra Pradesh, Orissa and Madhya Pradesh, whereas the lowest land degradation by land use change are in Haryana, Punjab and Goa (Fig. 15.3) . These land degradation costs estimates are only due to land use and cover change, and do not yet account for costs of land degradation when land use did not change, i.e. when cropland stayed as cropland between 2001 and 2009, but crop yields were negatively affected by land degradation. As for the per capita costs of land degradation, the highest per capita costs are observed in Mizoram and Arunachal Pradesh and the lowest per capita costs again in Haryana and Punjab. The reason for such low figures for Haryana and Punjab is that there has been very little land use change in these two States. However, these estimates exclude the costs of land degradation other than land use change, which are expected to be more prevalent in these states.
The share of LD in the regional GDP shows that the share is significant in the Northern and North-eastern regions of India ( Fig. 15.4) .
The estimates in Table 15 .9 confirm that the cost of inaction exceeds cost of action in every state. The ratio of action over inaction is in the range 20-40 % in humid regions in general and above 40 % in sub humid and arid regions. Further cost of action for crop and grassland are more or less similar to cost of taking action against deforestation. However when it comes to inaction there are wide variations between the two. Cost of inaction against deforestation, is consistently higher in all the states. Cost of inaction in crop and grass lands is the highest in Madhya Pradesh which is a relatively backward region and the smallest in Punjab & Haryana province. In this region, the land use change is much less and the land degradations mainly occur in the form of loss of productivity due to salinity. This region exposes a high level of irrigation and fertiliser use. Since this analysis takes into account only land use cover changes, Punjab and Haryana show much less costs of inaction. Goa also shows smaller units of costs of inaction but it has much less activity under crop and grass lands and it mainly derives its income from tourism. This estimate of total loss of livestock products for India by this study is much less in comparison with smaller African countries like Ethiopia and Kenya. However this study did not consider the forest lands which are widely used for grazing in India. In India, about 60 % of livestock grazing area is forest area (Kapur et al. 2010) . The loss of rangeland value significantly varies between studies due to varying methodologies. Mani et al. (2012) reported 3-4 billion dollars of livestock value loss at 2010 prices due to grassland degradation.
Loss Due to Rangeland Degradation
Ratio cost of LD / GSDP 2.2% -17.5% 0.9% -2.2% 0.1% -0.9% 0.0% -0.1% Fig. 15.4 The share of annual land degradation costs in regional GDP (thresholds according to quartiles). Source Indian Ministry of Statistics and Programme Implementation; simulations based on TEEB and MODIS land cover datasets, agroecological zones defined according to IISD (2015) IISD (2015) . Notes
A&S means arid and semi-arid
Focus Group Discussions
Focus Group Discussions were conducted in 8 villages from 2 districts. Ahmednagar in the western Maharashtra and Karnal in eastern part of Haryana were chosen. They both fall in the Hot semi-arid ecological zone. Six villages were selected from Ahmednagar and two were selected from Karnal for ground truthing exercise. The villages are depicted in Fig. 15 .5. Table 15 .10 presents the basic statistics of the village economy for the year 2013. The FGD uncovered the following results. As for LUCC, the shrub land and grass land have come down in Hivare bazar of Ahmednagar, the grass land has increased in Karnal in both the villages. The major drivers of land use change are cited as infrastructure development, income increase, easier access to information technology and policies. For Hivare bazar livestock is as important as crops. Livestock population has drastically increased in this region in the last decade and that could be one reason that the grass land has been over exploited which led to its fall. This village also actively engaged in non-farm activities. As against this, villages in Haryana mainly depend on agriculture, uses machinery intensively on farm and as a result, the grassland has not witnessed a fall. About 50 % of the sample villages witnessed moderate to severe deforestation due to expansion of cropland. Almost 75 % perceived change in attitude towards higher interest in preserving cultural heritage.
The off-site eco system valuation from the perception of focal group participants of the village revealed that the benefits far exceed the costs. It was felt that community awareness, governmental policies would help contributing towards conservation of ecosystem. Many have revealed that they would be willing to contribute towards provision of any service that would improve their soil quality.
Drivers of Land Degradation
Survey of Literature
In mid-sixties, before the start of the Green revolution, increases in agricultural production in India were mainly achieved through expansion of the cultivated area, usually at the expense of community lands and forests. Since much of the area was brought under cultivation, or subject to grazing pressure, soil erosion and degradation had been substantial. The later advancements of Green revolution were mostly land saving. Therefore, it was believed that technological innovations will reduce pressure on marginal and sub-marginal lands, and thus, reduce further land degradation. However, the technological innovations were also capital intensive and not sufficiently labor-absorbing. Moreover, in many states, real wages either remained stagnant or declined between mid-1950s and mid-1970s, leading to lack of substantial increase in the incomes of the poor agricultural households, who continued exploiting forest resources (Hanumantha Rao 1994).
On the investment front, rising demand was not matched with adequate investment to augment the yield potential of the land resources. Degradation could Source Focus group discussions be perceived as a consequence of the failure to cope with the rising demand for food, fodder, fuel wood and other forest products through necessary investment in technological change and institutional arrangement for managing the resources. The agrarian change in India is different in different regions and hence problem of degradation is different. The regions with intensive cultivation which caused land degradation problems are, Punjab, Haryana, West Uttar Pradesh, and the deltaic regions of Andhra Pradesh and Tamil Nadu. This region is characterised by more intensive application of inputs, irrigation, fertiliser and pesticide, HYV seeds and mechanisation. Increasing demand for labour has resulted in higher wages and hence lower poverty. The other extreme is the region with more extension of area to ecologically fragile lands ranging from arid and semi-arid zones with low and uncertain rainfall, to hilly areas with assured rainfall. They have comparative advantage in animal husbandry, forestry and horticulture. They are characterised by increasing poverty and pressure for land under cultivation. In between these two types lies the majority of area. The progress of irrigation and land augmenting technological change is slow. Expansion of area under cultivation is moderate and mechanisation is slow. They exert pressure on common lands. The existing studies on the link between land degradation and socioeconomic variables are very few. In fact there is only one systematic attempt on the determinants of land degradation in India (Reddy 2003) . But this study deals only with district level and state level data and not at the household level. Some empirical studies have rejected the direct relation between poverty and resource degradation (Nadkarni 1990; Jodha 1986; Reddy 1999) . These studies argue that the poor have greater motivation to conserve the resource because their livelihood depends on it; they are often victims of degradation and not the cause of degradation. Reddy (2003) has conducted an empirical exercise using a regression technique to find the determinants of degradation at the district level and at the state level. The proportion of area degraded under various components to the total geographical area of the region (Source: NRSA) is the dependent variable. The regressors consist of: Socioeconomic, demographic, technological, institutional and climatic factors. At the district level, the period of analysis is 1986-93, while at the state level, the analysis was conducted for the 3 periods, 1981-82, 1988-89 and 1986-93. The state-wise analysis reveals that land-man ratio (defined as rural population per hectare of net sown area) exerts significantly positive influence on degradation, meaning that higher population pressure on agricultural land is not the cause of land degradation. The regions of intensive cultivation are actually less prone to degradation. In the district level analysis, there were 3 different regressions, one each for total degraded, salt affected and water logged area. For the salt affected land, percentage of irrigated area and population density, as expected, imposed a significantly positive influence; output per hectare imposed a negative influence.
From Reddy's (2003) analysis it appeared that better carrying capacity of lands support higher population densities. Hence no direct relationship was revealed between poverty and degradation. Per capita income does not exert any influence on degradation. Output per hectare is inversely related to land degradation indicating that regions with higher productive land are less prone to degradation. Rainfall does not have any bearing on degradation. Even the variable on availability of institutional credit has no impact on extent of degradation.
From a case study of Maharashtra, Joshi et al. (1996) has found that the investment for the mitigation of land degradation always gets the last priority. Farmers are enthusiastically willing to spend family labour time for conservation activities. It has been found that farmers are rational in following soil conservation methods. Absence of direct economic benefit results in non-adoption (Chopra 1996) . The solution here would be the creation of incentives by the state. Most of the conservation technologies are capital intensive and hence needs support from the state.
Various programs initiated by the government over time have impacted land management directly and indirectly (Annex Table A .3) and studies on impact of programs on land management have shown that programs such as Wasteland Development Programs and Watershed Development Programs have mitigated degradation.
Empirical Analysis of Drivers of Land Degradation
We analyse the drivers of land degradation both on the macro (comparing states) as well as on the micro (comparing households) level. As the results of existing state-level analyses were based on the data for the period before 2000, it is hence proposed to update the analysis using the data of post 2000 periods. For this purpose, we have selected 13 states 4 of India which have significant land degradation due to soil erosion and the time periods are 2000, 2005, 2007 and 2010, the years for which data are available for soil erosion. The model to estimate follows a panel design and is given by
where s denotes the observed state and t is the year of observation. Our dependent variable Y is 'waste land' which is the area affected by soil erosion. We regressed this with the host of influencing agricultural variables captured by the vector x, such as number of cultivators per unit of area, cropping intensity, fertiliser consumption or fertiliser subsidy, percentage of irrigated area, and yield. We control for a state-dependent characteristics, GDP, population density, poverty ratio and literacy rate. All the variables except the dummies have been used in logarithmic form in the estimation. Additionally to the state-level analysis, we also perform an analysis of drivers of land degradation at household level. More specifically, the unit of observation is a 4 The selected states are: Andhra Pradesh, Bihar, Gujarat, Haryana, Karnataka, Madhya Pradesh (including Chattisgarh), Maharashtra, Orissa, Punjab, Rajasthan, Tamilnadu, Uttar Pradesh and West Bengal. plot cultivated by a household, where households may own more than one plot. To achieve this, the Cost of Cultivation Survey (CCS) 5 dataset is employed, which is conducted annually, covering 19 Indian states. The dependent variable is the plot level of soil erosion perceived by farmers themselves, serving as a proxy for land degradation, with 4 possible states in ranked order (none, sheet erosion, small gullies, large gullies). For this reason we regress soil erosion on household characteristics and plot specific information in an ordered probit regression framework: Vector X ij contains socio-demographic characteristics of the household and plot-specific information, which is further explained in the next section.
Data and Variables
For the state-level analysis, information on the extent of wastelands per state was obtained from various sources, and is measured in 1000 ha. 6 The variables considered independent for our purposes can be summarized as follows: Fertiliser subsidy: The fertiliser subsidy was available at the national level and it was allocated using the weights of fertiliser consumption share of the state to the all India consumption. Cropping Intensity: The cropping intensity, measured as ratio of gross cropped area over net sown area, was collected from the database available at Ministry of agriculture, Government of India.
Population density: The population density is measured as population in 1000 km −2 of geographical area of the state. Rural Poverty ratio and the literacy rates: The poverty ratios and the literacy rates have been interpolated for the study years from the available years. Poverty ratio was available for the years 1996-97, 2001-02, 2006-07 and 2011-12 whereas literacy rates were available on the decadal basis for the years 1991, 2001 and 2011. The data were taken from Ministry of Statistics and Programme Implementation and Rural development statistics, National Institute of Rural Development.
Yield: The yield of major food grains is the value added in agriculture per hectare of cultivated area.
Percentage of Irrigated area: The percentage of irrigated area has been calculated by dividing the net irrigated area by net sown area.
To account for spatial differences, dummy variables are used for each region, North, West, East while keeping South as the reference category. Data for all described variables were compiled from different sources. 7 For the micro level analysis, several items asked for in the CCS are considered as explanatory for the extent of soil erosion. Household demographics include highest education completed, age, time available for work (all given for head of household), a dummy denoting if the head of household is female, size of the household as well as proxies for the household's wealth: the log value of livestock, the number of livestock and the log value of physical assets. Plot specific information entails quality of drainage, the number of different crops grown on the plot, the number of seasons where crops are grown and the total area of the plot, as well as dummies for irrigation, property of land and land use. While those variables are cross sectional as of 2005, the CCS data also includes monthly data on crop inputs between 2005 and 2006, where the intensity in the application of organic manure, chemical fertilizers, and pesticides are of interest. Data on agricultural extension, and sources of farmer's information, were not available in the data. To account for correlation in the dependent variable within villages, standard errors are clustered on the village level.
Estimation
State Level Analysis
This section reviews the results of the econometric estimation, starting with the state-level panel regression. Table 15 .11 presents the basic statistics of the variables considered for the regression.
Since panel methodology has been used to find the estimates, the Hausman test was conducted first to decide if the model follows Fixed Effect or Random Effect model. The Hausman test for testing fixed effect vs random effect did not reject the random effects model. Hence we ran the panel model of random effects with wasteland as the dependent variable and the results are presented in Table 15 .12.
Fertiliser subsidy turns out be a major determinant of land degradation. This has also been a talking point recently in the academic literature as well as policy forums and reports and action is being proposed in the plan documents for a phase wise withdrawal of input subsidies. However due to political pressure, lobbying by farmers' group, government is not able to cut down subsidies on fertilizer in a desirable manner. According to the coefficient, a 1 % reduction in subsidy is likely to reduce land degradation by nearly 3 %. Population density and poverty ratio, coefficients of both are statistically significant but signs are other than expected. They show that these two variables cannot be held as reasons for land degradation. The results of poverty ratio-land degradation link also corroborates the results of other studies (e.g. Reddy 2003) , that poor are victims rather than a cause of land degradation.
A negative coefficient for yield negates the prevailing argument that more intensive application of inputs in search of better yield in the short run results in soil degradation. The coefficient indicates that efforts to bring in 1 % more yield can in fact reduce soil degradation by about 0.9 %. Inclusion of cropping intensity as a variable has helped in holding the intensity of application constant. Hence the other factors which help in increasing the yield, namely soil conservation measures, better irrigation system, etc. gives a negative coefficient for this variable. The number of cultivators per unit of cultivated area which is a measure of land scarcity, as expected, shows a positive relation. It indicates that a 1 % increase in this measure will lead to nearly 0.9 % increase in soil degradation. The rural literacy rate has given a wrong sign as the increase in literacy leads to increased degradation. However this measure is debatable since quality of education in rural areas varies substantially and is not accounted for in this simple measure of literacy. Variables such as Agriculture value added per capita, cropping intensity, percentage of irrigated area did not give statistically significant coefficients even though they all have their expected sign. The agricultural GDP per capita is an indicator for rural growth. Growth versus resource degradation literature debates on Environmental Kuznets curve (EKC) theory that in the phase of initial growth, more environmental harm will take place which will slowly decline along the growth path and once the threshold level is reached, further growth will be environmental friendly. Hence we can say that the income per capita is yet to reach the threshold level. The coefficients of regional dummies indicate that, as compared to the southern region, the northern and eastern regions suffer from more degradation, holding everything else constant, and the western region is subject to less land degradation. The northern region allots a larger percentage of land to cereal crops due to which it is likely that over-application of fertilizer and water causes more degradation. Some parts of the eastern region receive a maximum quantum of rainfall. Hence the possibility of water induced soil erosion is higher in this region if the rainfall is not scattered across region or time.
The Household Plot Level Analysis
This section presents the analysis of drivers of land degradation on the household level as described in the methodology. Since soil erosion induced by water is unambiguously the major symptom of land degradation in India, as shown in Table 15 .2, it is regarded as a suitable proxy for land degradation in a broader sense. Table 15 .13 displays descriptive statistics of all the variables used in the analysis.
The main results are depicted in Table 15 .14, first column. They show that the higher the frequency of application of organic manure, as well as chemical fertilizers, the lower the likelihood of soil erosion, given equal characteristics, where the effects are significant at 1 %. The use of pesticides, in contrast, is found to increase the occurrence of soil erosion. The number of different crops grown within the time span of the monthly survey also significantly (p < 0.001) drives the extent of soil erosion. The quality of drainage exposes a U-shaped influence on erosion, where a good drainage system fosters erosion and a mediocre one works against it, compared to bad quality drainage. Erosion is rather present on large fields, as shown by the positive significant coefficient of the plot area. Other variables that are negatively associated with erosion are the education dummies (relative to the category "illiterate") and the time of the household head devoted to work on the parcel. Interestingly, land property is positively associated with soil erosion, which might hint at a certain degree of insecurity in land tenure.
The second column of Table 15 .14 displays results with state fixed effects, which account for some variation. While some variables display lower coefficients, the main explanatory variables, namely application of manure and fertilizer, respectively, remain significant in their explanatory power. The last two columns run a usual probit, where erosion is measured with two outcomes, "yes" or "no", regardless of the extent. The results are qualitatively similar, with the coefficients for use of manure and fertilizer still on a high level, while use of pesticides does not significantly explain erosion. The positive effect of organic manure application than the effect of fertilizer application is stronger in all four specifications. Thus, the application of manure seems to be more sustainable way in terms of land conservation compared to the utilization of chemical fertilizer or pesticides.
Overall, it emerges that agricultural industry on a larger scale seems to drive land degradation. The larger the cultivated area, and the more crops are grown on it, the more a plot is affected by soil erosion. Sustainable land management practices help to work against this kind of degradation, such as feeding the soil with organic manure, or usage of a well-working drainage system, which prevents loss of water and increases water use efficiency. If livestock is held on a plot, this likewise seems to help the soil recover, possibly because the area is then cultivated less intensively. Some of the results' magnitude shrink considerably when controlling for state effects, which points at systematic differences in the surrounding conditions and agriculture practices across regions. For instance, land tenure exhibits no meaningful influence on soil erosion, once state fixed effects are included. This may hint at different legislations regarding land tenure security between states. No effect can be attributed to irrigation, which means that neither rainfed nor irrigated plots are stronger affected per se, and sustainable land management practices are expected to have a desired outcome in both. 
Concluding Remarks
Understanding the major causes of land degradation is important for finding solution to mitigate the problem. Our analysis on drivers of land degradation shows that fertiliser subsidy and decreasing land-man ratio are important reasons for increasing land degradation. At the household level, the quality of the drainage system, as well as application of organic manure may significantly reduce soil erosion. A larger operated area, and a higher number of different crops grown, both increase degradation. This hints at sustainable land management practices reducing erosion.
While access to irrigation checks degradation, poor management of irrigation water itself contributes to degradation. Proper management of irrigation water will go a long way in controlling degradation. If wastage of water is tackled, it would help in reducing water logging and salinity problems. Judicious management of forests through the right kind of institutional mechanism would help in checking water and wind erosion, which forms a major share of total degradation.
Water and energy are underpriced which leads to inefficient use of land and water. However, energy pricing is a political pursuit in India. Unless the scarcity of the resource is reflected in pricing, overutilization of the resource continues to occur which in turn increases degradation. Agricultural extension services is another factor that needs to be strengthened for training the users of the land for the adoption of resource conserving technologies.
Creating awareness and ownership rights for cultivators are important steps in the challenge of mitigating land degradation. The solution lies in changing the behaviour of the farmer through the right set of institutional arrangements and market based instruments. Identifying all the stakeholders of land improvement, viz. farmers, farm labour, industries and institutions and how they are impacted by the policies related to the improvement would help in finding a comprehensive solution. This awaits further analysis. 
